ABSTRACT
INTRODUCTION
Superfi cial venous thrombosis (SVT) or ' thrombophlebitis ' is a common disease. Yearly 125 000 SVT cases are reported in the United States, others report an annual incidence of 56 to 160 per 100 000 inhabitants per year and in the Netherlands the prevalence is reported to be 180 per 100 000 patients in primary care ( 1 -3 ). However, ciated with a higher risk for deep venous thrombosis (DVT) and subsequent pulmonary embolism (PE), thus carrying considerable risks ( 5 , 6 ) . Data for the prevalence of concomitant DVT vary greatly ranging from 2.7 to 53% ( 7 -10 ).
In primary care, a subset of patients with SVT is referred to outpatient clinics for additional imaging to exclude concomitant DVT or to diff erentiate from alternative diagnoses such as erysipelas, lymphangitis, tendonitis or Baker ' s cyst. Patients with proximal SVT or SVT localized in the main stem vena saphena magna are considered to have the highest risk for concomitant DVT and are therefore more likely to be referred ( 11 -13 ). Moreover, clinical prediction rules are used to diff erentiate patients in high versus low probability for DVT. The Wells rule involves criteria as active cancer, paralysis/paresis or immobilization, localized tenderness, swelling of the calf/ entire leg, pitting oedema, non-varicose collateral superfi cial veins or ' alternative diagnosis more likely ' ( 14 ) . The AMUSE primary care rule involves the additional use of a rapid point-of-care D-dimer assay for low-probability patients in the Wells rule, and replaces ' alternative diagnosis more likely ' with ' absence of leg trauma ' ( 15 ) .
Importantly, none of the widely used clinical prediction rules mentioned above involve varicose veins as a criterion on which selection for referral should be based. Moreover, the Wells criteria are based on a population in which patients with SVT were excluded ( 16 ) .
Varicosities are considered as a risk factor for both SVT and DVT separately ( 4 , 17 -19 ) . Current evidence is contradictory about how varicosities are associated with concomitant DVT in patients with SVT, as both the presence and absence of varicosities have been linked to a higher prevalence of concomitant DVT ( 20 -22 ). Presence or absence of varicosities is easily established by physical examination. Therefore, it might serve as an easily implementable diagnostic tool resulting in a better selection of patients who require ultrasound imaging for confi rmation of concomitant DVT.
The aim of this systematic review is to determine whether the presence or absence of varicosities in community-dwelling adults with clinically suspected SVT of the lower extremities improves the prediction of DVT.
METHODS

Search strategy and selection
A systematic search was performed in MEDLINE (via PubMed interface) and EMBASE to collect all published studies on the role of varicosities in the detection of DVT in patients clinically suspected for SVT. The search strategy used is detailed in Box 1 . In short, for both the outcome (DVT) and determinant (varicosities) all synonyms were combined using the Boolean operators ' OR ' and ' AND. ' Synonyms for the domain (community-dwelling adults with clinically suspected SVT of the lower extremities) were not included in the search syntax as this might lead to missing articles. The selection process is shown as a fl owchart in Figure 1 . In short, all titles and abstracts were searched and selected by one author independently. This work was divided between four authors. In case of doubt whether an article should be in-or excluded, the article was included and screened by four authors based on full-text. Studies were considered relevant for this review if they met the following inclusion criteria: a cross-sectional study design (or at least a cross-sectional part of the study), inclusion of prereferred patients with SVT in the lower extremities, assessment of varicosities as determinant and presence of concomitant DVT as outcome. Articles were excluded if the study design was not applicable (e.g. reviews, trials, case reports and opinion papers), animal studies, non-Dutch or non-English, or if no full text was available after extensive eff ort, which included contact with study authors and retrieving possible paper versions in all academic libraries in the Netherlands. Reviews were checked for references and a second reference check was performed with SCOPUS, to avoid missing articles.
Critical appraisal
The selected papers were independently critically appraised by two authors on relevance and validity (risk of bias) according to standardized criteria, shown in Table 1 . In case of discordant judgement, a third author was consulted to retrieve consensus.
The risk of selection bias was determined by assessing completeness of data (varicosities assessed and ultrasound or phlebography performed in all patients). A greater weight was given to this criterion compared to blinding or standardization, as missing data could severely distort the calculated predictive values due to selection bias.
The risk of information bias was determined by judgement whether assessment of varicosities was blinded from the outcome. Reasonably, blinding for presence of varicosities is not possible during the ultrasound examination for DVT. Therefore, it was only critically appraised whether authors mentioned blinding for presence of DVT during the assessment of varicosities. Then, it was assessed to what extent the measurement of the determinant (presence or absence of varicosities) and outcome (DVT, by ultrasound or phlebography) was standardized and clearly described ( 23 ) .
Final analysis
For all studies eligible for fi nal analysis, diagnostic 2 ϫ 2 tables of all patients with SVT were created. The columns contained presence and absence of DVT and the rows contained presence and absence of varicosities; being considered as a diagnostic test. First, the prior probability (presence) of concomitant DVT in all SVT patients was calculated. Second, the predictive values of presence and absence of varicosities was determined for each study separately by calculating the percentage of patients with DVT for both subgroups (with and without varicosities). Third, 95% confi dence intervals (CI) were calculated online by the interactive statistics page ( 24 ) .
RESULTS
The systematic search (April 2014) in three medical databases retrieved 1563 titles, which resulted in 1242 titles after removal of duplicates. The selection process is further detailed in the fl owchart in Figure 1 . The reference check retrieved one extra article; therefore, after careful selection fi nally nine papers were qualifi ed for further assessment.
Risk of bias
As shown in Table 1 or phlebography was not performed in all patients, selection bias could have taken place because in subgroups, the presence of (subclinical) DVT could have been missed. One study was suffi ciently valid but not suitable for dataanalysis as only odds ratios were mentioned; therefore, no diagnostic 2 ϫ 2 tables could be recreated ( 27 ) . Blinding and standardization of assessment of varicosities was not described in any of the studies, most probably because that the presence of varicosities in relation to the presence of DVT was not the main study objective but part of certain ' baseline characteristics. ' Finally, six studies were considered to be eligible for inclusion in qualitative synthesis ( 21 , 28 -32 ) . These studies included patients referred from primary care to the outpatient clinics; there was no study available that was performed in primary care prior to referral. All selected studies were in English. A systematic description of all studies is included in Table 2 .
Bergqvist et al. included 56 consecutive patients with clinically suspected SVT, based on palpable elongated subcutaneous lumps along the axis of superfi cial veins, tenderness, swelling and redness ( 28 ) . Patients were consecutive patients coming to the emergency department, either spontaneously or sent in from the primary care.
Prountjos et al. analysed 57 consecutive patients admitted with clinically manifested SVT to a surgical department ( 21 ) . All patients underwent phlebography during their hospitalization. According to the authors, no evident signs of DVT were present in these patients.
Gorty et al. retrospectively reviewed 1815 venous duplex ultrasound scans performed in a three-year period in an outpatient private offi ce for fi ndings of SVT ( 29 ) . In total, 77 patients had ultrasounddocumented SVT of whom 17 were excluded due to incomplete data.
In a cross-sectional and prospective study by Decousus et al. 844 patients with symptomatic and ultrasound-confi rmed SVT were included ( 30 ) . Most patients were referred to a vascular specialist for compression ultrasonography to confi rm the diagnosis of SVT and to exclude concomitant DVT.
Galanaud et al. studied 783 patients with symptomatic SVT objectively confi rmed by compression ultrasound ( 31 ) . Patients were selected from 8256 in-and outpatients referred to vascular medicine physicians for clinically suspected VTE (SVT, DVT or pulmonary embolism).
Finally, Hirmerova et al. included 138 patients referred to a vascular clinic of a tertiary hospital with clinical and ultrasonographical signs of SVT of the legs ( 32 ). In this crosssectional study, it was observed if patients had SVT on a varicose vein (varicophlebitis) or on a non-varicose vein.
Of these six studies, the prior probabilities of concomitant DVT and predictive values of presence and absence of varicosities are shown in Table 2 .
DISCUSSION
Main fi ndings
In this hypothesis generating systematic review of available literature, the relationship between varicosities and concomitant DVT in patients with SVT was assessed. All included, screening was based on title and abstract and unpublished studies were not searched and analysed.
A fraction of the patients (7 -16%) was hospitalized ( 29 -31 ) or phlebography was performed during hospitalization after primary admission due to SVT ( 21 ) . Prountjos et al. identifi ed and excluded patients with clinical signs of DVT, which infl uences the prior probability of concomitant DVT ( 21 ) . In two studies outcomes were measured as venous thromboembolism ( 30 , 32 ) . DVT and pulmonary embolism were not measured as separate outcomes in patients with varicosities, however, only a relatively small amount of patients with VTE was diagnosed with isolated pulmonary embolism (7 -11%). Hirmerova et al. assessed if the SVT occurred on a varicose or non-varicose vein, instead of the presence or absence of varicosities in general ( 32 ) . Although all studies included patients referred to the hospital or outpatient clinic, these diff erences in severity of disease and patient characteristics most probably account for the wide range of concomitant DVT.
Due to the diff erences in study-design, intervention and patient population between the selected studies, we have chosen not to perform a meta-analysis in this hypothesis-generating review, as this would retrieve unreliable results ( 34 ) .
Implications for further research
The studies addressed in this review included patients who were referred from primary care. In the study of Hirmerova et al. only 10% of all patients ( n ϭ 14) presented with SVT on non-varicose veins ( 32 ) . This leads to very broad and widely overlapping confi dence intervals; we therefore, agree with the authors that no relevant conclusion might be derived from this study.
Therefore, future research in large patient groups should be performed in primary care to indicate whether the assessment of varicosities could result in a better selection of SVT patients who should be referred for further imaging to exclude concomitant DVT. In addition to this, further research might indicate whether varicosities together with the current clinical prediction rules for primary care and additional clinical features as the presence of proximal SVT can be incorporated in an improved prediction rule for DVT in SVT patients ( 11 -16 ).
Conclusion
In fi ve studies on patients with SVT in outpatient settings, the absence of varicosities is associated with a higher risk of concomitant DVT. Further research is needed to determine whether the assessment of varicosities could be of additional value in the selection of SVT patients in primary care who require additional imaging to detect or exclude DVT. studies reported a high prevalence of concomitant DVT in patients with SVT who were referred to the outpatient clinic, varying from 13 to 34%. In fi ve of the six studies, concomitant DVT was more prevalent in patients without varicosities (33 -44%) compared to patients with varicosities (3 -23%) ( 21 , 28 -31 ) . The sixth study showed an inversed, non-signifi cant result: DVT was present in 35% (95% CI: 27 -45) of patients with SVT on nonvaricose veins and in 21% (95% CI: 5 -51) of patients with SVT on varicose veins ( 32 ) . Due to the heterogeneity of the assessed studies and inclusion of patients who were referred from primary care, a strong recommendation regarding the assessment of varicosities as a diagnostic tool in primary care cannot be made yet.
Proposed underlying mechanism
The pathophysiological mechanisms why patients with SVT and varicosities could have a lower incidence of concomitant DVT are unclear. Although it was outside the scope of this study, some underlying causes have been suggested. In patients with varicosities, stasis and wall damage could result in the development of thrombosis. In the absence of varicosities, systemic diseases such as thrombophilia or infl ammation could play a larger role in the development of SVT, simultaneously leading to a higher risk of concomitant DVT ( 25 , 33 ) .
Strengths and limitations
The selected articles in this systematic review included patients with SVT referred from primary care to a vascular medicine specialist for ultrasound imaging, or reviewed consecutive duplex ultrasounds in order to include patients with diagnosed SVT ( 21 , 28 -32 ) . Unfortunately, no study was performed in primary care, before the decision to refer or not. The perceived benign prognosis of SVT may explain underreporting and the scarcity of available data ( 31 ) . Because the studies only included patients with SVT who were referred from primary care, the prevalence of concomitant DVT found in this study may be much higher than in the whole population of patients with SVT seen in primary care. Moreover, this could lead to referral bias. The selection by general practitioners prior to referral might infl uence the found relation between varicosities and DVT in SVT patients. For instance, primary care physicians could refer SVT patients with varicosities for imaging more easily, as they might have a higher suspicion for DVT in these patients compared to patients without varicosities. Besides, the symptoms of varicosities can be in part similar to those as DVT; therefore, a larger proportion of patients with both varicosities and SVT could be referred for further diagnostics.
Key methodological limitations of this review include that only articles published in English and Dutch were For personal use only.
